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Abstract
Traditional methods for computing level of service (LOS) have implicitly favored mobility at the ex-
pense ofaccessibility. The LOS concept was developed by highway engineers in the 1 950s as a method
of measuring the level of mobility provided by a certain facility (FDOT, 2002). It has been applied in
recent years to alternative transportation modes such as walking, bicycling and public transit. This
article analyzes and compares the results of applying several of the LOS methods that have been devel-
oped for alternative transportation modes to a study area in Chapel Hill, North Carolina.
Introduction
Traditional methods ofmeasuring the level ofservice
(LOS) focus narrowly upon mobility, as determined
by the relationship of facility capacity to volume of
traffic, while ignoring accessibility. In the field of
transportation planning, mobility has been defined as
the ability to get from one place to another (Hansen,
1959; Handy. 1994). Accessibility, by contrast, has
been defined as the potential for interaction. In other
words, mobility is a measure of how easily a user
can move through a facility; accessibility, on the other
hand, measures how easily a user can reach a
destination using a facility.
When accessibility is low. a person's ability to reach
a destination is compromised. Traditional LOS
measures do not capture this effect. Under traditional
LOS measures, corridors with high levels ofmobility
will score high on traditional LOS methods, regardless
of whether they offer accessibility. In many cases a
facility will offer high mobility but low accessibility.
or vice versa. For example, a community with
abundant roads and little congestion but with
relatively few destinations for shopping or other
activities displays poor accessibility but good
mobility. An area featuring high levels ofcongestion
but relatively short distances between where residents
live and all needed and desired destinations has good
accessibility but poor mobility.
A more accurate measure of level of service would
consider both the mobility and accessibility offered
by a facility ( Levine and Garb. 2002 ). Recently, new
LOS methods emphasizing accessibility have been
developed. These new measures allow planners,
engineers, and others to determine the accessibility
offered by a broad range of transportation facilities.
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including roadways, transit facilities, and facilities
constructed for pedestrians and bicyclists.
This paper uses a selection of accessibility-based LOS
measures that have been developed for pedestrian,
bicycle, and transit facilities to analyze the downtown
area ofChapel Hill, North Carolina, (see Figure 1 ) where
traffic levels are low and walking, biking, and public
transit are popular modes ofmoving from place to place.
Figure 1. Franklin Street in Chapel Hill, NC is a
pedestrian and bike-friendly roadway. Photo by
Helen Chanev.
Capacity-based LOS standards
The Highway Capacity- Manual {HCM) is the standard
methodological guide in the United States for computing
automobile level of service (FDOT, 2002). For modes
of transportation other than private automobiles (for
which the Hig/nvcn- Capacity- Manual method, though
flawed, is generally used), there is less agreement among
transportation planners and engineers as to an acceptable
approach for computing level of service. The
Transportation Research Board (TRB) has developed a
Transit Capacity and Quality of Senice Manual
(TCOSM) that outlines many different methods of
computing LOS for transit services based on capacity/
mobility, accessibility, and quality measures (Kittelson,
1 999). Some authors suggest that characteristics of the
built urban environment (Jaskiewicz, no date) or the
social or policy environment (Hoehner ct al., 2003) are
also factors that influence the level ofservice that a person
perceives on a particular non-automobile facility.
Non-capacity Level of Service Models
Several accessibility-based LOS models have been
developed to evaluate bicyclist and pedestrian perceived
safety with respect to motor vehicle traffic and comfort
in using the roadway corridor.
The most popular methods for determining Pedestrian
Level of Service (PLOS) include the PLOS method,
developed by Sprinkle Consulting, and the Fruin PLOS
method, which is included in the Highway Safety
Manual. Emerging national standards for evaluating
the bike-friendliness ofa roadway are the Bicycle Level
of Service (BLOS) method, developed by Sprinkle
Consulting, and the Bicycle Compatibility Index (BCI),
developed by the Federal Highway Administration
(FHWA). The Transit Level ofService (TLOS) method,
developed by the Florida Department ofTransportation,
computes level ofservice based on availability oftransit
within a walking distance. Each of these five methods
are described in detail in the following sections. While
some of these models focus upon travel demand and
facility capacity, others are based upon a wider range of
factors, such as accessibility, environmental quality, and
safety.
LOS methodolgies for pedestrian and bicyclist travel
can be useful to planners in a variety of ways. These
tools can help planners to identify weak links in a
network of sidewalks or bicycle facilities, for example.
Using the results of these models, planners can work to
Level of Service Measures for Biking
prioritize sites needing improvement. Planners can use
the bicycle LOS measures to determine which routes to
include in the bicycle network. They may also use the
measures to create a bicycle map, which can help the
public in choosing which routes to take.
Pedestrian Level of Senice Method, developed by
Sprinkle Consulting
The Florida Department ofTransportation (FDOT) uses
a methodology for computing pedestrian level ofservice
that was created by Sprinkle Consulting and is based on
four major physical characteristics of the street and
sidewalk space: presence of a sidewalk and lateral
separation from street; motor vehicle volume; traffic speed;
and driveway traffic volume and access frequency ( Landis
et al., 200 1 ). The creation ofthe model involved a survey
and a regression analysis ofthe survey results. The firm
first conducted a pedestrian facility quality survey in
Pensacola. Florida, asking users about environmental
factors, including width of sidewalk, width of bike lane,
presence ofsidewalk buffer, volume and speed oftraffic,
and number of traffic lanes, among others.
Second, the firm analyzed the results ofthe survey using
a regression analysis, in order to determine which
environmental factors were most closely related to the
users' perceived quality of the facilities (FDOT. 2002).
In a later study, the firm sought to determine whether two
other factors—the presence of other pedestrians and the
presence of buildings against the edge of a sidewalk
—
were related to the perceived quality ofpedestrian facilities,
but they found that no such relationship existed.
The PLOS method is focused primarily upon physical
characteristics of the roadway and sidewalk
environment, and it provides a simple method for
computing LOS along a segment of the road/path
network. This method was chosen because it is relatively
objective and easily converted into a uniformly-
applicable level of service measure.
The basic equation that this PLOS method utilizes
is (FDOT, 2002):
PLOS = -1.2276
InfWol + Wl + fp * %OSP +fb * Wb + fsw * Ws)
+ 0.0091 (Vol 15 / L) + 0.0004 * SPD2 + 6.0468
( for English units)
where,
Wol = width of outside lane of traffic (including
on-street parking area);
Wl = width of marked shoulder or marked bicycle
lane;
fp = on-street parking coefficient or factor (0.2
used in analysis);
%OSP = percent of segment with on-street
parking;
fb = sidewalk buffer factor;
Wb = width of buffer between street and
sidewalk;
fsw = sidewalk coefficient or factor
(equals 6 - 0.3 * Ws);
Ws = width of sidewalk;
Vol 15 = volume of directional motor traffic in
peak 15-minute period;
L = number of directional through lanes;
SPD = average speed ofmotor vehicle traffic.
Under the PLOS method. LOS is calculated for both
sides of each road segment being studied; grades are
based on the scale on the following page.
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LOS Grade PLOS/BLOS Score
A < 1.5
B 1.5-2.5
C 2.5-3.5
D 3.5-4.5
E 4.5 - 5.5
F >5.5
Fruin Pedestrian Level ofService Method, developed
by Fruin and included in the Highway Capacity
Manual
The Fruin method, which requires the input ofpedestrian
count data, can provide useful information about the
capacity of the sidewalks in high-traffic locations, and
determine whether there is a need for additional sidewalk
capacity in these locations.
The Fruin methodology is defined by the following
equation (TRB, 2000):
Pedestrian unit flow rate = V 1 5 /( 1 5 * We)
where,
VI 5 = peak 15-minute pedestrian traffic rate
(persons per 15-minutcs);
We = effective width of sidewalk.
The flow rate generated by the equation above is used
to determine a LOS grade for a pedestrian facility based
on the standards below.
LOS Grade Flow (persons/min/ft)
A <5
B 5-7
C 7- 10
D 10-15
E 15-23
F >23
The Fruin method is a capacity-based method and
assumes that the primary determinant of quality service
in the pedestrian environment is the ability to move
through that environment with as little impedance as
possible.
Bicycle Level ofSennce Method, developed by
Sprinkle Consulting
Sprinkle Consulting developed a BLOS method for the
Florida Department ofTransportation. This method, like
Fruin's, is based upon physical characteristics ofthe road
and bicycle facilities but focuses to a greater extent than
the Fruin method upon the presence and quality of
bicycle facilities and the characteristics ofmotor vehicle
traffic, including the volume, speed, and number of
heavy trucks (see Figure 2). The various data are
combined into a LOS score based on a regression model
(FDOT, 2002).
Figure 2. The quality of bike facilities, such as
bike lanes, may affect a cyclist's BLOS. Photo by
Erik Malkemus.
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This particular method includes a factor on roadway
condition, which is a variable not included in the BCI
method (discussed below). Other factors include motor
vehicle traffic volume and speed, effective outside lane
width, and amount of truck traffic.
Bicycle Level of Service is defined by this model
as (FDOT, 2002):
BLOS = 0.507 ln(Voll5 / L) + 0.199 * SPt * (1 +
10.38 * HV)2 + 7.066 * ( 1/PR5)2 - 0.005 * We2 +
0.760 (for English units)
where.
Vol 15 = volume of directional traffic in 15-minute
peak period;
L = total number of through lanes;
SPt = effective speed limit (1.1 199 ln(SPp-20) +
0.8103, SPp = posted speed);
HV = percent heavy trucks;
PR5 = FHWA 5-point surface condition rating;
We = average effective width of outside lane (lane
width less obstructions).
Level of service grades are assigned for both sides of
each road segment being studied using the same scale
as for the PLOS model (see previous).
Bicycle Compatibility Index Method, developed by the
Federal Highway Administration
The Federal Highway Administration (FHWA) has
developed a BCI that serves as a measure of quality for
different roads in terms of bicycle traffic. The BCI is
similar to the aforementioned FDOT pedestrian and
bicycle level of service methods, in that it primarily
focuses on physical characteristics of the road, such as
the presence ofbicycle lanes or the volume ofautomobile
and truck traffic, and combines them into a measure of
facility quality that is not based entirely on capacity
(FHWA, 1998). While the FDOT andFHWA methods
ofcomputing BLOS examine similar characteristics of
the bicyclist's environment, the two models use different
criteria weights and could produce very different results.
TheFHWA method is different from the Sprinkle BLOS
method in that it accounts for the presence of a bicycle
lane, the traffic volume in lanes other than the outside
lane, and the presence, occupancy, and turnover of on-
street parking.
The BCI uses the following equation to compute
level of service (FHWA, 1998):
BCI = 3.67-0.966 * BL-0.410 * BLW - 0.498 *
CLW + 0.002 * CLV + 0.0004 * OLV + 0.022 *
SPD + 0.506 * PKG - 0.264 * AREA + AF
where,
BL = presence ofbike lane (no = 0, yes = 1 );
BLW = bicycle lane width (meters);
CLW = curb lane width (meters);
CLV = curb lane volume (peak hour);
OLV= other lane(s ) volume in same direction (peak
hour);
SPD = 85th percentile of speed;
PKG = presence ofparking lane occupied more than
30%(no=0,yes=l);
AREA = type of development ( residential 1,
other=0);
AF = truck volume factor + parking turnover factor
+ right turn volume factor.
The grading scale for the BCI is presented later, along
with a discussion on a proposed adjustment to the grading
scale as a result of the analysis conducted in Chapel
Hill.
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Transit Level ofService Method, developed by the
Florida Department of Transportation
The Florida Department of Transportation uses a
sophisticated method for determining transit level of
service at the system, route, and stop levels. FDOT's
method is built upon the framework set up in the Federal
Transit Capacity and Quality ofService Manual, which
suggests measuring transit accessibility by service
frequency, hours ofservice, and service coverage. This
TLOS method takes into account these factors and uses
a free downloadable computer program. Geographic
Information Systems (GIS), and spreadsheets to compute
LOS based on availability of transit within a walking
distance (based on a walking network), given vehicle
headways, and projected wait times for individual routes
and stops (Ryus et al., 2000). It should be noted that the
TLOS does not address whether routes connect origins
and destinations well, or whether transit customers are
comfortable and safe on their trips.
The transit level of service in the Chapel Hill Town
Center will be determined using a form of t£e Florida
Department of Transportation's TLOS methodology.
The full version of the TLOS software is a somewhat
burdensome program to use and requires a great deal of
data that is not always immediately available to the
public; however, the program, which is downloadable
from the Internet at no cost, comes with a spreadsheet
that allows for a simplified calculation ofLOS for route
segments and stops. The spreadsheet has few data
requirements. One can obtain a complete output by
inputting only the scheduled arrival and departure times
of buses—information which can be easily obtained
from a schedule book.
routes operating along that segment, and the times that
buses are scheduled to stop at the stops along the
segment. A macro built into the spreadsheet then
calculates the number of minutes during the day that a
stop has service available to it. based upon a number
of variables, including user-defined maximum wait
times at stops, walking distances, environmental
characteristics, and the use of straight-line or network-
based buffers.
Level of service can be computed two different ways
using this spreadsheet because the user defines the time
duration of the calculations. If the user only calculates
TLOS for a portion of the day (i.e., during the time of
service), the program defines a letter grade based on the
frequency of service guidelines in the Transit Capacity
andQuality ofService Manual, shown below (Kittelson,
2001 and 1999).
LOS TLOS Score Headways*
(% time served) (TCQSM)
A > 50 % < 10 minutes
B 35.7% - 50% 10-14 minutes
C 25% - 35.7% 15-20 minutes
D 16.7% -25% 21-30 minutes
E 8.3%- 16.7% 3 1 -60 minutes
F < 8.3% > 60 minutes
*assumes 5 minute maximum wait time
See Figure 3 for a graphic representation of TLOS
scores for the Chapel Hill transit system.
The TLOS route segment spreadsheet allows a user to
input the names of stops along a street segment, the
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On the other hand, ifthe user defines the calculation period
as exactly 24 hours, the LOS grade is determined jointly
by frequency and hours ofservice. This is done by simply
multiplying the TLOS score standards ( in terms ofpercent
time served) together to create a joint standard. For
example the "A" standard for headways is less than 10
minutes and the standard for hours of service is greater
than 19 hours. Headways ofminutes, assuming 5 minute
wait times, mean that a location is served 50 percent of
the time. Being served 19 hours out of 24 means being
served 79 percent ofthe time. Seventy-nine percent of50
percent is 39.6 percent, so any TLOS score over 39.6
percent would receive a grade of "A." The following
table summarizes the standards for 24-hourTLOS grading
(Kittclson,2001 and 1999).
LOS TLOS Score Headways Hours Served
(TCQSM)
(TCQSM)
A > 39.6%< 1 minutes 1 9-24
B 25.3 - 39.6% 10-14 minutes 17-18
C 14.6-25.3% 15-20 minutes 14-16
D 8.4 - 14.6% 21-30 minutes 12-13
E 1.4-8.4% 3 1 -60 minutes 4-11
F <1.4% > 60 minutes 0-3
O Downtown bus stops
-Segments
| E Operation TLOS
| D Operation TLOS
| C Operation TLOS
B Operation TLOS
A Operation TLOS
Figure 3. Example of buffers used in TLOS software that outline areas of Chapel Hill's transit
service with different grades of TLOS operation. Image courtesy ofMatthew Day.
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For simplicity in calculatingTLOS for this comparative
study, environmental values for the areas surrounding
stops were not calculated. Calculating environmental
values would have required the data on pedestrian facility
quality as well as job and population density around
stops. When such environmental data arc included in
an analysis, the researcher weighs the stops according
to the data. When such environmental data is not
included in the analysis, all stops are weighted equally.
Methodology
This analysis involves computing level of service for
the various modes oftransportation in the Town Center
area of Chapel Hill using the methods outlined in the
above literature review as a means of discovering the
applicability and benefits of existing LOS
methodologies.
Chapel Hill is a small city in the Piedmont region of
central North Carolina and is included in the Research
Triangle region (Raleigh-Durham-Chapel Hill). Chapel
Hill's Town Center essentially centers around two streets.
Franklin Street and Rosemary Street, which run parallel
to one another. Traffic levels are low in the downtown
area, due in large part to a scarcity of parking and a 20
mph posted speed limit. Walking, biking, and public
transit arc popular forms of transportation in this area.
The University of North Carolina's main campus is at
the eastern end of the Town Center. The Town of
Carrboro lies directly to the west of Chapel Hill.
For the purposes ofthis analysis, a study area was defined
that extended one block from the south side ofFranklin
Street and from the north side of Rosemary Street. The
streets in this study area were broken into segments,
which generally spanned from one intersection to the
next intersection, with a few exceptions. Data used in
the analyses included GIS parcel data, aerial
photographs, pedestrian and vehicle traffic counts, and
GIS bus stop location data. Traffic counts on individual
street segments were estimated based on known traffic
counts and estimated trip ends per segment.
In an effort to compare different methods ofcomputing
level of service, two different methods have been used
for each mode of travel being studied. For pedestrian
level ofservice, the PLOS method developed by Sprinkle
Consulting is compared with the capacity-based Fruin
method, which is the method presented in the Higlma)-
Capacity Manual. For bicycle level ofservice Sprinkle
Consulting's BLOS calculation is compared with the
Federal Highway Administration's BCI calculation.
Finally, for transit level of service, a simplified version
of Florida's TLOS method is used. The TLOS method
includes two methods of calculations—one which is
based upon frequency of service and another which is
based on frequency and hours of service. Both of these
TLOS methods arc employed in the analysis.
Findings
Pedestrian Facilities
The two methods utilized for calculating pedestrian level
of service yielded widely divergent results. The Fruin
method paints a picture of excellence in Chapel Hill's
pedestrian environment. All of the locations for which
the Fruin method was applied received a LOS grade of
"A." The PLOS model, on the other hand, provides a
more varied picture. PLOS grades for the town center
ranged from "A" to "E." with most facilities falling in
the middle of the range ("B" or "C").
The variation in scores produced by the two models
undoubtedly results from their varied approaches. The
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Fruin method, being a capacity-based method, bases its
LOS grades entirely on the volume ofpedestrian traffic
and the capacity of a pedestrian facility. The Fruin
analysis, which was conducted on the locations in the
Town Center study area for which there were recent
pedestrian volume counts, produced a result ofall "A's"
for pedestrian facilities in the area.
While both models are helpful in evaluating the LOS of
pedestrians in Chapel Hill, each model is based upon
assumptions which are somewhat incompatible with the
Chapel Hill environment. The Fruin method is a
capacity-based method and assumes that the primary
determinant of quality service in the pedestrian
environment is the ability to move through that
environment with as little impedance as possible. In
Chapel Hill's Town Center, where pedestrian flows are
steady, but certainly not crush flows, every pedestrian
facility will score an "A" (flow is uninterrupted). Clearly,
this has little utility for determining the quality of the
pedestrian environment in this situation of examining
residential and commercial streetfronts. The method
seems better suited to determining adequacy of
pedestrian facilities at airports, stadiums, and schools,
where one would expect very large crowds at certain
peak times.
The PLOS method, by contrast, calculates scores based
upon characteristics ofthe pedestrian environment. Like
most level of service models, the PLOS model was
developed primarily for use on arterial highways. As
such, the assumptions upon which the model is based
do not logically apply to local residential streets. For
example, one assumption ofthe PLOS is that pedestrians
do not walk in the street, but walk, instead, beside the
road—either on a sidewalk or on the grass. Experience
tells us, however, that many people in Chapel Hill walk
in the street on low-volume roads which do not feature
sidewalks. The PLOS model assumes the cars always
act as a buffer. As such, the PLOS model gives high
grades to side streets where on-street parking is present.
In reality, streets in Chapel Hill featuring on-street
parking and no sidewalks constitute a less-safe pedestrian
environment, as pedestrians are forced to walk further
into the street. This problem occurs on several streets in
the Town Center study area. To account for this
inconsistency, we must assume that for streets where
there is no sidewalk but there is on-street parking, both
sides ofthe street should have a LOS grade that is close
to that found on the side of the street that does not have
on-street parking.
Bicycle Facilities
The two methods used for examining bicycle level of
service models show that bicycle level of service is
lowest in the areas immediately surrounding the
University ofNorth Carolina campus.
The results of the Sprinkle Consulting BLOS method
portray a relatively safe bicycling environment in much
ofthe Chapel Hill Town Center. Most areas north and
west ofthe intersection ofFranklin and Columbia Streets
(the de facto center oftown) received a score of at least
"C." Areas around the edge of the UNC campus,
however, received grades of"D" and "E" for the large
part. These grades are given in each direction, since
bicycle traffic flows in the same direction as motor
vehicle traffic, on the right-hand side of the street.
The results in the test case generally show lower scores
on roads with high traffic volumes and narrow outside
lanes. Locations with on-street parking also generally
have lower scores than those without on-street parking,
because this parking is an obstruction and potential
hazard to bicycle traffic, especially ifthere is high parking
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turnover. None of these road segments contain striped
bicycle lanes, which also leads to the lower scores.
The Federal Highway Administration's BCI method
produced a similar pattern ofresults to the BLOS method
but generally resulted in lower grades. The BCI also
found the most deficient areas to be those near the
university campus, but found the Town Center to be
more deficient overall. Only Rosemary Street and a
few residential streets have consistently passing scores,
arid no segments in the study area received a BCI grade
of'A."
The BCI results arc heavily influenced by the weighting
of the factors in the BCI model. This model includes
more input factors than the BLOS model, which would
suggest that it might be a more accurate representation
of actual conditions. The BCI model, however, seems
to have results that are very suspect. It may seem
surprising that a low-volume side street could receive a
level of service grade of"D." This result in the test case
is caused by the heavy weight that the BCI model gives
to the width of the roadway. Considering that many of
these side streets are narrow, the model has ascribed to
them a low score.
This points at the same issue noted in the section above
pertaining to the PLOS model: these level of service
methods were created primarily for use on arterial
highways, not on side streets. The results of the BCI
model still have some utility. They point to locations
that could certainly be improved in terms ofthe bicycling
environment. However, they are not as useful as the
BLOS results for determining mitigation priorities
because of the skewed results of the analysis.
Based upon the results calculated, the BCI grading scale
seems inadequate for explaining bicycle level ofservice
on minor side streets. Almost all side streets in the study
area received very low grades under the initial grading
scale for the BCI method, due to the relatively low weight
the BCI places on traffic volume and the high weight it
places on lane width and the presence of bicycle lanes
which arc generally not found on minor streets. For this
reason, a modified grading scale presented below was
developed for low-volume residential streets. In general,
the low-volume road BCI grading scale that was
developed simply increases the acceptable BCI score
for each corresponding letter grade. This was determined
to be a simpler, albeit a less methodologically-sound,
method ofmodifying the BCI than attempting to modify
the BCI equation itself. This grading scale was
developed somewhat arbitrarily. However, with the
original data used in developing the BCI, it might be
possible to generate a less arbitrary revised grading scale
for low-volume roads.
LOS Grade High-volume Low-volume
(original) (adjusted)
BCI score BCI score
A < 1.50 <2.0
B 1.51-2.30 2.01-3.0
C 2.31-3.40 3.01 -4.0
D 3.41 -4.40 4.01-5.0
E 4.41 -5.30 5.01 -6.0
F >5.30 >6.0
Transit Facilities
As a baseline determination of level ofservice, a simple
one-fourth mile buffer analysis for each bus stop in the
Town Center was performed. The entire study area was
determined to be within one-fourth mile of a bus stop.
Traditionally, a determination of the quality of bus
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service in an area would stop at this point. Based on this
simple spatial accessibility analysis alone, the Chapel
Hill Town Center appears to have excellent transit service
(refer back to Figure 3).
The route segment worksheet in the TLOS software
offers two methods for computing transit level ofservice.
First, a 24-hour level ofservice can be determined based
on service frequency and hours of service standards in
the TCOSM. Second, an operation-period level of
service can be determined based only on service
frequency during the hours that a route is in service.
The two methods produce similar, but slightly different
results. Using a GIS program, it is possible to graphically
display the results and find spatial patterns and
differences in the results generated.
An examination of the 24-hour TLOS accessibility
results for Chapel Hill reveals that service coverage is
actually veiy good in the Town Center. While some
corridors may not have good service, there is good
service nearby on parallel corridors. Mapping the TLOS
spreadsheet results in GIS allows recovery ofthe spatial
analysis that is lost by using the simple spreadsheet
instead of the full TLOS program to compute level of
service. Almost all of the Town Center study area falls
within one-fourth mile of a transit stop with a TLOS of
"B" or better—only the far northwest comer ofthe study
area has poor accessibility to good transit service.
The operation-time TLOS analysis produced similar
results. The corridor and stop locations that do not meet
a minimum standard of TLOS "C" are identical—the
accessibility results are almost identical to the results
for the 24-hour TLOS/accessibility. The main difference
between the two methods is in determining the level of
service along Franklin Street, which is the main street
through the study area. The operation-time analysis
shows that during the time buses operate along Franklin
Street, the frequency of service is not as good in the
westbound direction as in the eastbound direction.
Information such as this could be useful in shifting bus
schedules to maximize headway efficiency in this
corridor.
Conclusion
Pedestrian, bicyclist, and transit service quality vary
widely across the Chapel Hill Town Center. Levels of
service vary from "A" to "E" in all modes of
transportation. There is certainly an opportunity for the
town to improve conditions in low-scoring areas, and
several potential mitigation measures can be determined
based on the factor values and data used in the various
LOS models. Potential mitigation strategies include the
addition of sidewalks and bicycle lanes, the addition or
removal of on-street parking, the spatial and temporal
addition of transit service, and other physical
improvements. Many of these mitigation measures,
which are designed to allow a segment to reach a passing
grade in one of the level ofservice methods, are at odds
with mitigation measures suggested by other level of
seivice models. For example, a PLOS grade can be
improved by adding on-street parking, but a BLOS grade
is improvedby removing the parking. While it is possible
to continue adjusting mitigation strategies in each model
so the strategy suggested in one does not conflict with
that of another model, it would be useful to have a
standard method for combining the various models
across the different modes of travel to ensure that the
needs of users in each mode can be met by a proposed
mitigation measure. This type of model integration
would also allow for a holistic approach to prioritizing
improvement projects, since automobile, bicycle, and
pedestrian improvements to roadways tend to be made
simultaneously.
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Level of service can be a very useful conceptual
technique for quantifying the quality ofa transportation
facility. LOS does have its drawbacks as a quality
measure, though. Depending on what characteristics are
used to determine level of service, the results can be
very biased or skewed. Traditionally, LOS has been
used to describe the flow of motor vehicle traffic and
level ofcongestion on roads. Here, however, this concept
has been successfully applied in a way that determines
service quality for modes of transportation other than
private motor vehicles. These methods are not based
on capacity and traffic flow, as the highway LOS
methods are, but instead on environmental
characteristics, accessibility, and other diverse measures
ofservice quality rather than simply ease ofuse. Whether
these methods adequately capture all the variables that
affect the quality ofa transportation facility is debatable,
but they do at least get beyond the simple traditional
notion of demand/capacity-based level of service.
The level of service models used in this analysis were
developed for many purposes. The BLOS, BCI, PLOS,
and Fruin methods were developed largely to determine
the adequacy of pedestrian and bicycle facilities along
arterial highways and other main roads, similar to the
Highway Capacity Manual method of calculating
automobile LOS (which is generally applied to major
streets as part ofthe metropolitan planning process). The
TLOS route spreadsheet method determines the
adequacy of transit service frequency and hours of
service (although the full TLOS method also accounts
for environmental factors such as the sidewalk network
and density of residents and employees in an area).
Necessarily, these methods are not able to account for
all factors that influence the quality ofservice on a given
transportation facility. The differences in LOS scores
derived from the different methods used in this analysis
show that there is some need for integration of factors
and methods to determine a standard method for
computing level ofservice for alternative transportation
facilities. While beyond the scope of this paper, future
research could be done to determine whether additional
factors could be added to these calculations, as well as
determine how to integrate these various methods and
the factors used in each method.
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